[£]-<[ Thus, the modified inversion property retains the major characteristic of simple term rearrangement, although some algebra is required to obtain the elements of pi and p 2 .
References 1 Swanlund, G., " Analysis techniques to determine guidance computation requirements for space vehicles," ARS J. 32, 755-761(1962) . 2 McLean, J. D., Schmidt, S. F., and McGee, L. A., "Optimal filtering and linear prediction applied to a midcourse navigation system for the circumlunar mission," NASA TN 1208 (1962). 3 Friedlander, A. L., "A study of guidance sensitivity for various low-thrust transfers from earth to Mars," NASA TN 1183(1962). these formulas for number density and point out the causes for their differences, and 2) to present formulas and numerical results for the mean velocity field of the diffusely reflected molecules.
Flow Field in Hypersonic Re-Entry
The three formulas for number density n of reflected particles normalized by the unperturbed number density are given here in terms of distance x in units of sphere radii and the sphere velocity V relative to the fluid and normalized by the most probable thermal speed in a Maxwellian distribution, (2kT/m) 112 , where k = Boltzmann's constant T = temperature of the unperturbed gas m = mass of a molecule of the gas Formulas are given by Gurevich 1 as
and by Probstein 2 as
where
A formula that holds not only on the symmetry axis but also for all angles 6 was given by Dolph and WeiPf as
where erfc(-) is the complementary error function, p is the radial distance normalized by the sphere radius, T m and T b are, respectively, the temperatures of the unperturbed gas and of the sphere, and 0 = IT corresponds to the x axis used in Eqs. (1) and (2) . Equation (3) reduces along this axis to
Note that Eqs. (1) and (4) both are finite at £ = 1, whereas (1) becomes infinite as x approaches unity, which is not realistic. Both Eqs. (1) and (4) 
When Too = T^ this is one half the value given by Eq. (2).
Both Eqs. (1) and (2) were derived assuming that the emitted particles are all traveling with the same speed and invoking the inverse square law for decay of flux issuing from each surface element. Equation (3) is the result of integrating, over velocity space, a close approximation to the distribution function determined by Wang Chang 4 for a Maxwellian distribution function with superimposed mean speed and perturbed by a diffusely reflecting sphere.
The differences between formulas (2) and (3) stem from two causes. To derive Eq. (2), a boundary condition for flux at the surface in terms of particle number density was used. To obtain this relation, the incident gas was assumed to have a Maxwellian distribution with a superimposed mean t In Ref. 3 it was assumed that T^ = Tj,. In addition, the second term of n was written with a factor / 3 given separately. By error, J 3 was written as 2-n-times the correct expression. The correct expression was used in the subsequent numerical evaluation of Eq. (3) for V = 5 in Ref. 3 and also (with the temperature factor) in Ref. 5 .
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VOL. 1, NO. 4 velocity, the gas flowing out directly at the surface, a Maxwellian distribution. A true Maxwellian distribution is isotropic and yields no net outward flux; rather, a Maxwellian distribution times the step function S = 1 for directions out of the surface and S = 0 for directions into the surface is appropriate. However, the normalization of such a distribution must be twice that of a Maxwellian distribution in order for the integral over all directions to equal the local number density. This factor of 2 in the normalization was not used in deriving the approximate boundary condition and hence not used in deriving Eq. (2). If it had been, the right-hand side of Eq. (2) would have been half as big.
The further differences between Eqs. (2) and (4) enter from approximations to the flux equality condition which were made in deriving the boundary condition for Eq. (2), essentially ignoring the dependance of the mathematical expression with position on the surface. The approximation to the Wang Chang distribution used to derive Eq. (3) amounted to using a more accurate approximation to the flax equality condition.
The mean velocity v of the reflected particles at any point can be found by averaging v using the Wang Chang distribution function. Using the same approximation to the distribution function, closed-form analytic results for the tangential and radial components ve and v r are, respectively, The details of these integrations are given in Appendix B of Ref. 5, whereas numerical results for V = 5 are given here in Table 1 . They indicate insensitivity of v r to angle and in general indicate a monotone build-up of radial velocity with radial distance. Tangential velocity as a function of p builds up as would be expected from zero and then drops off. Further ve changes rapidly with decreasing 6 near 6 = 90°, the radial position of the maximum dropping rapidly. D URING a recent series of experiments at the Lincoln Laboratory Re-entry Simulating Range, it was discovered that the presence of the sabot in the wake of a spinstabilized cone radically altered the flow around the cone. The base section of the sabot is partially split, so that normally it breaks upon leaving the gun muzzle, and the pieces are separated from the cone's flight path by centrifugal forces. When the sabot base fails to split, as sometimes occurs, it continues downrange along the same path as the cone, slowly falling behind it because of the differences in drag.
In Fig. 1 is shown a schlieren photograph of a 25° includedangle cone in normal, zero attitude flight at 5500 fps through 25 mm Hg of dry air. The techniques of stabilized flight,
